Abstract -A simple histochemical method for screening amine uptake in vitro is de scribed.
(6-HT) was used instead of 5-HT because of its stronger fluorescence and lower photo decomposition of beta-carboline formed from 6-HT. The inhibitory patterns of representative uptake inhibitors obtained by the present method agreed well with those reported previously by biochemical methods.
Effects of other types of drugs were also studied.
The present method is a simple, rapid and non-radioisotopic method for determining amine uptake inhibiting action of a drug and the degree and selectivity in which it acts on the three kinds of amines.
Olson and Nygren (1) reported that the filum terminale of rats contains a large number of noradrenaline (NA) and 5-hydroxytryptamine (5-HT) containing nerve terminals. The dense arrangement of 5-HT containing nerve fibers with strong fluorescence in this pre paration is reported to be unsurpassed by that in other parts of the brain and spinal cord.
The caudate nucleus is richest in the dopamine (DA) containing nerve terminals, and the unfixed caudate nucleus can be sectioned with the Vibratornc® technique (2) . Because the filum terminale and the sections of the caudate nucleus are very thin, histochemical demon stration of amine containing neurons in these preparations, by the method of Falek and Hillarp (3), can be made with the air drying techniques (4-6), and monoamines can be visualized in a rapid, sensitive, and reproducible way without the time consuming process of freeze-drying. When properly maintained, the preparations are viable before being spread and dried on glass slides, and thus it is possible to carry out various dynamic in vitro experi ments prior to processing for fluorescence microscopy.
In the present paper, we report a simple histochemical screening method for the amine uptake using the filum terminale and sections of the caudate nucleus. We obtained a good, semiquantitative estimate of the selectivity and extent to which a drug inhibits amine uptake of NA, DA, and 5-HT containing neurons.
MATERIALS AND METHODS
Male Sprague-Dawley rats weighing 180-230 g were given reserpine (filum terminale; were prepared using a razor blade and sectioned to 50-60 p using a Vibratome®.
Incubation procedure: The filum terminale was used for the NA, 5-HT and 6-HT uptake experiments, and sections of the caudate nucleus for the DA uptake experiment.
Krebs-Ringer bicarbonate buffer with the calcium concentration lowered 50% was used as the medium. Glucose (0.1 %), ascorbic acid (0.02 %), EDTA (0.005 %) and pargyline (5 x l0-6 M) were added to the buffer. The buffer was oxygenated with O2:CO2 (95:5), unless otherwise described. Tissue samples were preincubated at 37'C for 10 min in the buffer. Amines (NA, DA, 5-HT or 6-HT) were added to the incubation flask at various concentrations, and the incubation was continued for 30, 60 or 120 min. To test the effect of a drug, the compound was added to the buffer 5 min before the addition of an amine.
After incubating, the tissue samples were rinsed in fresh buffer for 10 min and subsequently placed on glass slides. By use of fine watchmaker forceps, the filum terminale was separated into two bundles of strands. The samples were spread on glass slides, dried with cold air and stored overnight in a desiccator containing P2O5. The desiccator was slightly evacuated (10-x-10-2 mmHg). Fluorescence microscopy: After being dried, the spread preparation were treated with gaseous formaldehyde of controlled humidity. The filum terminale was exposed to formal dehyde of 80% relative humidity for two hours for the demonstration of 5-HT or 6-HT (7, 8) , whereas NA and DA fluorescence was developed by exposing samples to formaldehyde gas of 70% relative humidity for one hour (3). Subjective estimation of uptake: A subjective estimation was made on coded slides.
Two scoring methods were used.
(a) Uptake curves: The fluorescence intensity was arbitrarily graded in 5 levels for the construction of the uptake curves: 4; strong, 3; moderate, 2; weak, l ; very weak, and 0; none. Each point on the curve represents the mean value from 3-5 samples.
(b) Effects of drugs: To assess the effects of drugs, the fluorescence intensity in the nerve fibers was categorized as: + =strong, ± =weak, and 0=none. +represents the fluorescence intensity obtained after incubation with the drug-free buffer. There was a distinct difference between e.g. +and -.
In each experimental group, three or more control samples were always run together. When two and more showed a score of ± or lower, the entire group was discarded. The results were expressed as the percentage of samples in each group which showed the above three categories of fluorescence intensity. In the filum terminale preparations incubated with 6-HT, there was a large number of nerve terminals with yellow to brownish yellow fluorescence, and these were the same in mor phological characteristics as the 5-HT containing nerve fibers from intact rats. 6-HT accumulated in the neuronal structures was stable under fluorescence microscopy, while 5-HT was subject to photodecomposition.
(2) Effects of drugs on uptake of 5-HT and 6-HT
To confirm the identity of 5-HT and 6-1-1T uptake, effects of drugs on the uptake of both amines into the filum terminale were studied and compared. Incubation was carried out at 1 x 10-6 M concentration of either amine for one hour.
The results are shown in Table 1 . Three tricyclic antidepressants, imipramine, desipramine and chlorimipramine, effectively suppressed the uptake of 5-HT and 6-HT and there was no essential difference between them regarding the extent of inhibition.
Tryptamine similarly suppressed 5-HT and 6-HT uptake.
(3) Effect of various drugs on uptake by NA, DA and 5-HT containing neurons
Results are summarized in Table 2 . Effects of methysergide at a concentration of 1 x 10-4 M could not be estimated since the drug gave rise to a strong brownish yellow fluorescence of its own, and at a concentration of I x 10-6 M, there were no inhibitory effects.
Tryptamine was selective in inhibiting uptake by 5-HT neurons.
DISCUSSION
The neuronal uptake of NA, DA and 5-HT plays an important role in determining the concentration of biogenic amines at receptor sites (9) . A number of psychotropic drugs, particularly antidepressants and antiparkinsonian drugs, are considered to exert their pharmacological effects by inhibiting the mechanism of the central NA, 5-HT and DA containing neurons (10, 11) , although a few clinically effective antidepressants have no such inhibitory effects (12) (13) (14) . Because a specific physiological and pathophysiological role has been attributed to each amine and it has been noted that the uptake process of each neuronal system has different sensitivities to various drugs (15) (16) (17) , it is important to clarify the selectivity by which a drug inhibits one or more amine uptake mechanism, when applied in vivo. For this purpose, pharmacological, biochemical and histochemical techniques have been used (12, 15, (18) (19) (20) . The present histochemical technique can also be used for this purpose, because the pattern of action of some imipramine-like drugs obtained in this study was much the same as the pattern obtained by biochemical methods (18, 19, (21) (22) (23) (24) (25) .
It has been reported that 6-HT is relatively and specifically taken up by the 5-HT nerve terminals of the central nervous system. Due to its high fluorescence yield and the relatively low photodecomposition of the beta-carboline formed from 6-HT, combined with a lower diffusion tendency, 6-HT has been proposed to be an efficient tool for demonstrating the 5-HT nerve terminals (18, 26) . Since the histochemical demonstration of the uptake of 5-HT by the filurn terminale cannot be depended upon to give satisfactory results in every case, we considered the use of 6-HT. Supplementary studies were performed, and the results showed that 6-HT uptake by 5-HT neurons is based on an active transport mechanism and that the uptake is similarly blocked by drugs which are known to inhibit the uptake of 5-HT by 5-HT neurons. Therefore, 6-HT was used in our study.
Of the DA blockers, except chlorpromazine, and the 5-HT blockers tested, only haloperidol and cyproheptadine showed weak to moderate actions, whereas the other drugs were without effect, at the concentrations used.
The new antidepressant, zimelidine (27 29) , revealed selective inhibition of the uptake of 5-HT containing neurons.
The results agree well with reports that compounds having a tertiary amine in their side chains are selective inhibitors of 5-HT uptake (30, 31) .
The present in vitro method is a simple, rapid and non-radioisotopic method, and can be used for preliminary characterization of a drug; whether it has amine uptake inhibiting action, and the degree and selectivity in which it acts on the three kinds of amines. However, this technique cannot be applied to compounds which have their own fluorescence or become fluorescent on exposure to formaldehyde at high temperature.
